INTRODUCTION
THE MOST recent assessment of the ionizing radiation dose to survivors at Hiroshima and Nagasaki due to the initial gamma ray and neutron radiation that emanated from the 1945 detonations of atomic weapons in those cities is designated as the Dosimetry System 2002 or simply DS02 (Young and Kerr 2005; Cullings et al. 2006) . This reas sessment of the initial radiation exposures to the atomic bomb survivors was undertaken to address the potential for a serious discrepancy between calculated and measured values for neutron activation at Hiroshima, causing a lack of confidence in the previous DS86 dosimetry system that had also been developed for the Radiation Effects Research Foundation (RERF) (Roesch 1987; National Research Coun cil 2001) . The possibility of some minimal contribution to the total whole body doses by residual radiation exposure was considered briefly in the DS86 and DS02 documents. Due to both time and funding limitations, it was not pos sible to review in detail the residual radiation exposures from neutron activation products and fission product fall out in the environment as a part of the DS02 study, and it was expected that an up-to-date review would require ongoing efforts by numerous research groups (Egbert and Kerr 2012) . Thus, a special half-day technical session and a fullday workshop were held on residual radiation exposures to the atomic bomb survivors at Hiroshima and Nagasaki during the 57th Annual Meeting of the Health Physics Society in Sacramento, California, 22Y26 July 2012. The primary purpose of the half-day technical session was to review results of recently reported studies on residual ra diation in both the United States and Japan (Aoyama and Oochi 2011; Egbert and Kerr 2012) , while the purpose of the one-day workshop was to provide time for detailed discussions of these newer studies and to evaluate their potential use in clarifying residual radiation exposures to the atomic-bomb survivors at Hiroshima and Nagasaki. Organizers of the technical session and workshop were Joseph F. Weiss and Isaf Al-Nabulsi of the U.S. Department of Energy; co-chairs for the technical session were Harry M. Cullings and Tetsuji Imanaka; and co-chairs for the workshop were George D. Kerr and Stephen D. Egbert.
TECHNICAL SESSION ON RESIDUAL RADIATION EXPOSURE AT HIROSHIMA AND NAGASAKIVSUMMARY
This section of the report provides a brief summary of the presentations by the responsible authors at the technical session held during the morning of 24 July 2012. A de tailed discussion of the ''black rain'' at Hiroshima men tioned in several of these presentations can be found in Chapter 6 of the report by Ishikawa and Swain (1981) and the City of Hiroshima report by Aoyama and Oochi (2011) . The term ''black rain''specifies the color of the rain that fell in some sections of Hiroshima, but it does not necessarily correspond to the presence of fission-product fallout. In the following discussions, the ionizing radiation doses from gamma rays or beta particles may be referred to simply as the gamma dose or beta dose, respectively.
Importance of atomic bomb survivors data (J.D. Boice, Jr.)
The studies of the Japanese atomic bomb survivors form the foundation of radiation risk estimates used in set ting radiation protection guidelines and establishing com pensation schemes. Initially, research concerning radiation effects in survivors concentrated on genetic effects, but lit tle evidence emerged on heritable effects. However, strong associations with the occurrence of cataracts of the eye lens, leukemia, and solid tissue cancers were subsequently noted in the exposed survivor population. Until recently, it was considered that initial gamma and neutron exposures were far more important than residual radiation from fis sion or activation products. Because of the important role that atomic bomb survivor risks play in radiation protection schemes worldwide, there is a need for accurate dosimetry for the survivors, including their doses from residual radi ation. The focus of this session and the related workshop the following day was concentrated on a reexamination of this issue.
Residual radiation exposure at Hiroshima and NagasakiVA historical perspective (G.D. Kerr)
The altitudes of the explosions at Hiroshima and Nagasaki (600 m and 503 m, respectively) resulted in a fireball that did not touch the ground surface, thereby gen erating only minimal fission product fallout in both cities. Fallout from Hiroshima was, nevertheless, tracked to the United Sates and as far inland as Lake Michigan (Blair et al 1945; Strohl 2011 ). There were also areas such as KoiTakasu to the west of Hiroshima and Nishiyama to the east of Nagasaki where survivors were exposed to fission product fallout. In general, internal doses were small com pared to the external gamma-ray doses from the fission product fallout. Gamma-ray doses from neutron activation of certain chemical elements in the soil of the hypocen ter areas in both cities were also found to be negligible compared to the initial radiation doses due to gamma rays and neutrons from the exploding weapons.
Radiation dosimetry study in Hiroshima (M. Hoshi)
The subject of this paper was the search for residual radiation, particularly in the areas of ''black rain.'' Starting shortly after the detonation at Hiroshima, rain began that lasted up to 3 h. The rain extended out to 30 km from the hypocenter, and in some areas was heavy. Soot, burned paper, and other materials mixed with bomb debris were washed out of the sky, causing black streaks that contained fission products on the wall of a house (Fujikawa et al 2003; Shizuma et al 2012) . Fission products and radio active bomb materials have also been found throughout Hiroshima, but only extremely small amounts can be at tributed to the Hiroshima bomb when global fallout from later weapon tests is taken into account. Various other continuing Japanese studies were discussed in other pre sentations during this technical session. For example, higher cancer risks have been noted in some areas north west of Hiroshima that were in the ''black-rain'' region that could lead to a reconsideration of the risk factors based on DS02 (Tonda et al 2012) .
Review of residual radiation surveys during the early stage after the Hiroshima bombing (T. Imanaka) Several Japanese teams conducted radiation surveys only a few days after the bombings. U.S. teams also sur veyed the cities several weeks after the detonations. Most of the surveys in Hiroshima were in the delta area of the city that includes the hypocenter and Koi-Takasu area. However, the surveys did not initially include the moun tainous ''black-rain'' area that was located northwest of the city. A few early entrants into the hypocenter area appar ently had biological effects similar to those manifested in survivors exposed to large doses. These effects cannot be explained by their exposures to gamma ray radiation from neutron activation of the soil (Imanaka et al. 2011) .
Fallout deposition in Hiroshima where gamma-ray thermoluminescence measurements exceed the dosimetry system (DS02) doses (S.D. Egbert) Measurements of thermoluminescence (TL) of tiles in several areas in Hiroshima indicated measured doses larger by up to 0.8 Gy than could be explained by exposure to initial radiation from the detonation. This excess dose was particularly noticeable in four areas around the city (Egbert and Kerr 2012) . It was suggested that this was due to some sources of radiation that are unique to the Hiroshima detonation. Discrepancies between measured and calculated doses were only discernible by this method at distances more than 1 km from the hypocenter. Some of the excess readings were in the areas affected by black rain, but several were in other areas. More TL measure ments are needed to confirm and determine the extent of this newly identified pattern of excess measured gammaray dose that has not been previously reported.
Some nuclear fallout characteristics of the Hiroshima detonation (G.D. Spriggs) Several nuclear tests at Nevada had similar charac teristics (e.g., yield and scaled height of burst) as the Hiroshima and Nagasaki bombs. In those tests, no crater ing of the soil beneath the detonations was observed. Soil was picked up into the blast stem, though apparently too late to be sucked into the fireball. The absence of soil particles in the fireball would cause the bomb debris to solidify into submicron particles. These very small submicron particles created within the fireball would not fall to the ground in either Hiroshima or Nagasaki unless they were carried down with rain, since gravitational settling for such small particles is very slow. The speaker indicated any local fallout that may have occurred in Hiroshima or Nagasaki was due primarily to neutron-activated soil or building debris lofted by the low pressure trough behind the reflected blast wave that was produced when the primary blast wave from the detonation bounced off the ground in the hypocenter area. Based on experimental data from the Nevada Test Site (currently known as the Nevada National Security Site), it was estimated that approximately 1% of the total neutron-activated soil would be lofted by a nuclear explosion having a scaled height-of-burst similar to that of the Hiroshima bomb. This would amount to the loft ing of approximately 10 17 Bq of neutron-activated ra dionuclides at Hiroshima. Because the mean particle size of most topsoil is of the order of several hundred microns, the lofted neutron-activated radionuclides would repre sent a significant local fallout source term. A video of a nuclear weapon test in Nevada at a similar scaled height clearly demonstrates the large amount of dust and soil that can be lofted at a scaled height of burst similar to the Hiroshima detonation. See supplemental digital con tent, http://links.lww.com/HP/A14. The phenomenon of horizontal scouring or sweeping of a ground sur face by the blast wave from a nuclear detonation was discussed briefly.
Activation analysis for soils of Hiroshima City and estimation of gamma-ray dose due to neutron-induced activated soil by the Hiroshima atom bomb (S. Endo)
In the first few minutes post-detonation, the gamma dose rate from neutron-induced radioactivity is dominated by 28 Al, in the first few days by 24 Na, and after a few weeks by 46 Sc. These elements plus 56 Mn are responsible for the irradiation of early entrants into a detonation area. Soil concentrations of these elements (in particular so dium) differ between Hiroshima and Nagasaki. The cu mulative skin dose due to gamma rays from activated soil for continuous exposure during 7 d at the Hiroshima hy pocenter was calculated to be approximately 0.8 Gy.
Survey of beta-dose assessment methodologies applicable to Hiroshima (R.L. Weitz)
This presentation addressed methods of assessing the beta particle dose to skin in a nuclear environment. The beta-to-gamma dose ratio for skin exposed at a height of 1 m above a horizontally large (e.g., kilometer-sized), uni form layer of ground-deposited fission products is on the order of 10 for the first 100 days after detonation (Barss and Weitz 2006) . This ratio increases significantly for finitesized sources with radii less than about 100 m. The beta-to gamma dose ratios for skin at 1 m above neutron-activated Hiroshima-type soil are in the range of 0.05Y0.15 for most times of interest. The dominant radionuclide in neutronactivated soil from 10Y100 h post-detonation is 24 Na, with relatively minor contributions from 56 Mn and 42 K. Beta and gamma doses from dermal contact as a function of time after detonation and skin thickness from both fission-product fallout and neutron-activated soil were also discussed. Pu, and 137 Cs from the Hiroshima bombing and Cold War weapon tests were dis cussed. Measurements made by Accelerator Mass Spec trometry (AMS) and Thermal Ionization Mass Spectrometry (TIMS) were described and compared. The AMS mea surements show a uniform spatial pattern over Hiroshima (Sakaguchi et al. 2010) ; however, the TIMS measurements indicate higher values in the north and west direction from the hypocenter. Samples taken from soil beneath houses built in the ''black-rain'' areas after the bombing show less interference from deposition of global fallout produced during weapon testing programs. The measurements from the under floor samples, found far to the west or north of Hiroshima, do not have the same spatial pattern as the Hiroshima ''black rain,'' possibly due to contamination from Cold War weapon www.health-physics.com tests or the Nagasaki explosion. Further analyses are needed to identify the radionuclide composition originating from fallout in ''black rain.'' Reconstruction of spatial-time distribution of ''Black Rain'' in Hiroshima based on statistical analysis of the Survey of Atomic Bomb Survivors (M. Ohtaki, T. Tonda) This work looked at heavy ''black-rain'' areas such as Uda's (Aoyama and Oochi 2011) , where survivors re ceive government support. A description of the rainfall post-detonation was constructed based on questionnaires distributed in 2008. The questions involved location, start and end times, intensity, color of rain, and presence of flying materials. The estimated rainy area using informa tion from the questionnaires is several times larger than Uda's heavy ''black-rain'' area. Thus, many more survivors may have been exposed to ''black rain'' based on the in formation obtained from the recent questionnaires.
Investigation of circular asymmetry of geographical distribution of mortality risk in Hiroshima atomic bomb survivors (T. Tonda)
The speaker reviewed the dependency of mortality risk at Hiroshima using the so-called Hiroshima University Registry at the Research Institute for Radiation Biology and Medicine (RIRBM) (Hoshi et al. 1996) and adjusting the risk at Hiroshima to account for background factors (gender and age at time of exposure), radiation dose, and distance from the hypocenter. In this work, a spatial var iation was identified that could not be attributed to back ground factors or initial radiation dose from the bomb detonation because the relative risk was found to increase close to the hypocenter and toward the northwest. Corre lating this excess relative risk with radiation dose would imply that there was an increase in the radiation dose to survivors around the hypocenter and in the area northwest of the hypocenter, where the ''black rain'' fell. The speaker thought that the DS02 system should be updated.
Doses received by atomic bomb survivors in the Life Span Study cohort from known residual radiation sources in Hiroshima and Nagasaki (H.M. Cullings) There are two well documented areas of fissionproduct fallout: the Koi-Takasu area near Hiroshima and the Nishiyama area in Nagasaki. There was much less gammaray dose from neutron activation of the soil at Nagasaki than at Hiroshima, and recent calculations of the radiation exposure to early entrants into these areas (evacuees and others) indicate that these external doses from gamma rays were only around 3Y24 mGy. Other recent calculations have also confirmed that internal exposure from inhalation or ingestion of activated soil would have resulted in effective internal doses of less than 5 mSv. The average estimated dose from fallout gamma rays in the Koi-Takasu area was around 12.7 mGy; by contrast, the average dose from initial radiation was 220 mGy. Doses from residual radiation sources would, therefore, be much less than DS02 calcu lated doses. There is some uncertainty as to how much radiation might have come from short-lived fallout debris such as radioactive iodines. Also, estimates for soil acti vation exposure to early entrants and evacuees are a little uncertain. Most people within 1 km of the hypocenter had to evacuate due to the fires and re-enter later, thereby re ducing their exposure to residual radiation. The total popu lation dose (person-Gy) from external exposure to gamma rays from fallout was estimated to be less than 1% of the initial population radiation dose from gamma rays at Hiroshima and less than 5% at Nagasaki.
WORKSHOP ON RESIDUAL RADIATION EXPOSURES AT HIROSHIMA AND NAGASAKIVSUMMARY
This section summarizes the discussions during the full-day workshop on 25 July 2012 that were focused on new approaches for estimating potential exposures to Fig. 1 . Photograph of the developing mushroom cloud at Hiroshima. At the time of the photograph, the cap of the mushroom cloud had reached approximately 20,000 feet (6 km) and the pedestal (or dust base) of the mushroom cloud had spread over a diameter of more than 10,000 feet (3 km) (National Archives).
www.health-physics.com Fig. 2 . Photograph of stem and cap of the Nagasaki mushroom at its maximum height of approximately 30,000 feet (9 km). The sepa ration between the cap plus bomb debris stem and the dust stem containing lofted neutron-activated soil and building debris are clearly visible (National Archives).
residual radiation at Hiroshima and Nagasaki. The agenda for the workshop also called for a discussion of biological effects such as epilation, bleeding, vomiting, cataracts, and cancer, including their asymmetry about the hypocenter area that might suggest exposure to residual radiation (Sawada 2011; Tonda et al. 2012) . Recent Japanese studies have essentially ruled out fission products as a significant source of fallout exposure to survivors in Hiroshima, ex cept in a few locations between 2.0 and 3.5 km to the west of the hypocenter (Aoyama and Oochi 2011). Thus, the most likely source of a significant residual radiation ex posure to survivors near the hypocenter areas at Hiroshima and Nagasaki appears to result from (1) the lofting of neutron-activated radionuclides from soil and other envi ronmental materials into the atmosphere by the ground shock from the blast wave of the explosion (see Figs. 1 and 2) and (2) the horizontal scouring and sweeping of ground and river water by the blast wave, which moved some neutron-activated materials to larger ground dis tances (Egbert and Kerr 2012) .
Fallout was studied extensively during many U.S. nu clear weapons tests at the Nevada Test Site Esee Glasstone and Dolan (1977) for a summary^. The amount and type of fallout was found to depend primarily on the energy yield of a weapon (Y) and its height of burst (HOB). A falloutfree HOB, as its name implies, is sufficiently high so that the fireball produced by the nuclear weapon does not touch the ground surface, and in the absence of rain, the ex plosion generates little local fallout from fission-products. The fallout-free HOB threshold for fission products in me ters is equal to 55 � Y 0.4 , where units of Y are in kilotons (kt), 1 kiloton being the energy produced when 1,000 tons of highly explosive TNT is detonated (Glasstone and Dolan 1977) . For the Hiroshima explosion with an energy yield of 16 kt, the fallout-free HOB threshold for fission products is approximately 167 m; for the Nagasaki ex plosion with an energy yield of 21 kt, the fallout-free HOB threshold for fission products is approximately 185 m. These fallout-free HOB thresholds for fission products are sig nificantly less than the currently recommended HOBs of 600 m and 503 m for the Hiroshima and Nagasaki ex plosions, respectively (Young and Kerr 2005) . There was, of course, some fission product fallout associated with the black rain that fell in the Koi-Takasu area, located sev eral kilometers to the west of the hypocenter at Hiroshima, and the Nishiyama area located several kilometers to the east of the hypocenter at Nagasaki. However, only small amounts of fission products were found during early sur veys in the hypocenter areas of the two cities, and a ret rospective analysis of 137 Cs in soil confirmed that little or no fission products fell in the Hiroshima hypocenter (Aoyama and Oochi 2011) . The fission-product cloud of the Hiroshima explosion was tracked by aircraft to the west coast of the United States and as far inland as Lake Michigan (Blair et al. 1945; Strohl 2011) .
It is possible to make other general statements about the source and amount of fallout from an explosion by referring to a weapon's shock-scaled height of burst (SHOB), which is defined as SHOB = HOB � Y j1/3 by G.D. Spriggs (Egbert and Kerr 2012) . The SHOB for an explosion is used to assign it to one of several regimes that describe the potential for mixing of (1) the cap and the debris stem containing the fission products and acti nides (e.g., uranium and plutonium) plus neutron-activated weapon materials and (2) the dust stem from the explo sion containing neutron-activated radionuclides from soil and other materials on the ground. The SHOBs are 238 m and 182 m for the Hiroshima and Nagasaki explosions, respectively. These SHOBs for the Hiroshima and Naga saki weapons place them in Spriggs' third regime, which has ''no appreciable local fallout'' of fission products. For SHOBs in Spriggs' third regime, the dust stem is drawn into the bomb debris stem above the HOB of the explo sion but not into the cap of the mushroom cloud con taining the fission-product radionuclides at times early enough to affect condensation of bomb debris into very small particles. The caps of the mushroom clouds at Hiroshima and Nagasaki rose to an altitude of about 30,000 feet (9 km) before they reached thermal equilib rium with the surrounding atmosphere. Once this hap pened, the dust stem collapsed and the larger sized particles in the dust stem fell back quickly into the area around the hypocenter of the explosion. Smaller sized particles in the dust stem remained aloft for longer pe riods of time and were scattered over much larger areas around the explosions (Fields et al. 1989 ). The particle size distribution is important in predicting the behavior of the particles in the dust stem during its collapse, and mea surements of the particle size distribution for a soil of interest are discussed in a recent report by Spriggs and Ray-Maitra (2007) .
Neutron-activated radionuclides decay by the emis sion of both gamma rays and beta particles. Significant differences were found during early surveys of the in-air dose rates from gamma rays in the hypocenter areas of Hiroshima and Nagasaki (Roesch 1987) . These differences were due in part to the intensities of the neutron fluence incident on the ground in the hypocenter areas of the two cities (Young and Kerr 2005; Egbert et al. 2007 ) and the compositions of the soil in the hypocenters of the two cities (Hashizume et al. 1969; Young and Kerr 2005) . The early surveys usually measured only the in-air dose rates from gamma rays. Compared to the measured or calculated gamma-ray dose rate in air at 1 m above undisturbed ground, the beta-ray dose rate from neutron-activated radionu clides is only about one-tenth of that from the gamma rays because soil and air attenuate the short-range beta radia tion much more effectively than the gamma radiation (Barss and Weitz 2006) . However, the skin of some sur vivors may have been contaminated by neutron-activated radionuclides from (1) the lofting of soil and other envi ronmental materials into the atmosphere by the blast wave from the explosion; (2) the scouring and sweeping of the ground and river water by the blast wave, which moved some neutron-activated radionuclides to larger ground dis tances; and (3) transfer of contamination to the body from the handling of contaminated objects.
The most important beta-particle emitters pro duced by neutron activation of soil are 24 Na (t 1/2 = 15 h),
31
Si (t 1/2 = 2.6 h),
56
Mn (t 1/2 = 2.6 h), and 38 Cl (t 1/2 = 37 m) (Glasstone and Dolan 1977) . Due to the relatively short half-lives of these beta-emitting radionuclides, the radia tion dose to the skin from beta particles would be delivered over a very brief period of about 2 d, and the contribution to epilation from beta radiation would be indistinguish able from that due to the much larger whole body radiation doses to survivors at distances much nearer to the detona tions. Because the range of the beta particles in tissue is only a few millimeters, the only organs at risk from external irradiation by beta particles from neutron activated radio nuclides deposited on the surface of the body would be the skin and the lens of the eye. If the neutron activated radionuclides are deposited on clothing, the risk to the skin would be reduced since, unlike gamma rays, beta par ticles are absorbed significantly by clothing over the skin (McNaught 1983) . The complexities involved in deter mining radiation doses to skin from fallout have been discussed by Apostoaei and Kocher (2010) .
WORKSHOP ON RESIDUAL RADIATION EXPOSURES AT HIROSHIMA AND NAGASAKIVRECOMMENDED FUTURE STUDIES
During the workshop, there were discussions of work that has been ongoing for several years or that has been considered. Most recent studies have been funded by the City of Hiroshima and Japanese universities and may be arriving successfully at their conclusions in the near future. These studies have included descriptions of the fireball and of cloud formation, surveys of radioisotope deposition by radiochemistry and intensity measurements, meteorology and black rain, firestorm, beta dosimetry, and so forth. Other workshop discussions led to a crossfertilization of ideas resulting in several recommendations for possible new investigations, measurements, calcula tions, or analysis. Additionally, it was thought that many previously examined ideas concerning residual radiation dose should be reanalyzed or expanded with the new perspective provided by the workshop discussions.
A list of ideas for new approaches and new studies aimed at clarifying potential exposures to residual radia tion that were mentioned or discussed during the workshop are listed in the Appendix to this report. It was clear that there could not be a definitive and reliable estimate of the amount of residual dose to individual Japanese survivors without several questions being answered. These questions include: (1) sources of residual radioactivity, (2) radioiso topes present and associated energy and particle emissions; (3) pathways for radioisotopes to co-locate with survivors; (4) methods to physically determine the level of surface contamination; (5) duration of survivor exposures; (6) mech anisms for the delivery of organ doses from external ex posure due to gamma rays or beta particles and organ doses from internal exposure due to inhaled or ingested radio isotopes; (7) spatial analyses of biological effects, specif ically noting asymmetries and anomalies in excess of the DS02 dose estimates for the initial radiations from the bombs; and (8) comparing and understanding differences between residual radiation exposures at Hiroshima and Nagasaki. As these questions are answered, it will also be important to estimate the uncertainties on survivor www.health-physics.com residual dose estimates and whether including them in the dosimetry system is justified or needed. It is too soon to know if it will be possible to quantify a survivor's residual dose and whether accounting for this dose will affect risk factors or estimated survivor dose uncertainties that cur rently exceed those derived from the DS02 dosimetry.
During the workshop discussion, several of these ideas were prioritized. The first priority included a few studies that appear simple with small associated costs. An example is to measure particle size distributions of soil and salinity of the brackish rivers (M.IIIa, M.IIIb as identified in the Ap pendix). A second priority is to physically determine the level of surface contamination. This would require that ceramic samples for TL measurements need to be located and analyzed (M.VIa, M.VIb). It was stated in the work shop that it has been difficult to locate any new ceramic samples for many years, but perhaps by focusing on neigh borhoods of potential residual radiation importance or re viewing previously collected samples as candidates for beta dose measurements, it would be a worthwhile effort (M.VIc). The priority of this is based on the notion that without a physical determination of dose, it may be impossible to assign a residual dose to survivors. As a third priority for study, it was proposed that neutron-activated soil and building debris may be an important source of residual radiation exposure to survivors at both Hiroshima and Nagasaki (M.III, C.I). Several of the tasks, which are needed to establish reasonable estimates or maxima for survivor residual doses, could begin by reconstructing the ground activation and movement by ground sweep and stem formation (M.IV, C.II, C.III, C.IV). These parameters have been estimated for nominal weapon test conditions. Quantification of the unique Hiroshima ground and me teorology conditions should be used to modify the nomi nal results. Meteorological conditions, which have been thought to be nearly impossible to obtain, may be achiev able with meteorological reconstruction from historic data bases and with photographic reconstruction based on the movements of the nearly instantaneously created pedestal, stem, and cap, and then later in the morning of the detona tion, by movements of continuously released smoke rising from the firestorm.
Finally, there have been some studies suggesting asym metries and anomalies of survivors' biological effects, which cannot be accounted for by the DS02 dosimetry system. There are several types of biological endpoints, which could be spatially analyzed in order to identify spatial pat terns, either to suggest possible unknown fallout hotspots or to lend support to the existence of particular areas of deposited bomb debris and activated ground created via frequencies influenced by other covariates beside ionizing radiation. Spatial analyses must use proper spatial and epi demiological methods and must be interpreted with caution to avoid misleading attribution of putative spatial pat terns to ionizing radiation if they may have been caused by other risk factors or may have arisen by chance alone. It was also recommended that the RIRBM and RERF databases be used to evaluate the evidence for biological effects not explained by the existing DS02 dosimetry (M.VII, A.Ia, A.Ib). For example, chromosome aberrations were thought to be a good biological indicator of gamma-ray exposure, while epilation in persons with negligible ex posure to the initial gamma radiation from the bombs was thought to be an indicator of possible exposure to beta particles from residual radiation. Creating a residual dosime try model and related database for both beta and gamma exposure can provide a way to estimate the correlation be tween these various biological outcomes (C.VI, A.Ic, A.Id.).
WORKSHOP ON RESIDUAL RADIATION EXPOSURES AT HIROSHIMA AND NAGASAKIVCONCLUSIONS
Both Japanese and American investigators acknowl edge the existence of some measurement data related to the Hiroshima and Nagasaki detonations that appears anomalous when compared to the symmetry of estimated dose around the hypocenters by the DS02 calculations. A possible explanation of these anomalies is residual radiation exposure that was varied and spatially inhomogeneous. The origins of the exposure could have been contaminated rain (e.g., the black rain) or the scouring and sweeping action of the blast wave on neutron-activated soil. While there is little quantitative evidence of these specific phe nomena at this time, the Workshop developed a number of ideas for further study that might lead to a better un derstanding of residual dose. That understanding is essen tial because of the importance of atomic bomb dosimetry to the field of radiation protection. It should be noted, how ever, that the individual authors of this workshop report may place differing weights on the specific suggestions for future studies related to residual radiation at Hiroshima and Nagasaki.
